III. Isolation of Heck products
The typical procedure with 0.5 mmol of ArX was used for all the isolation, unless stated otherwise. In an argon-filled glove box, a dry 10-mL Schlenk tube containing a magnetic stir bar was charged with Pd(hfacac) 2 (10 mg, 0.02 mmol), tBu 3 P·HBF 4 (12 mg, 0.04 mmol) and 2.5 mL of dry DMPU. After stirring at room temperature for 10 minutes, aryl halide (0.50 mmol), cyclic olefin (2 or 5 equiv, 1.0 or 2.5 mmol), and DIPEA (0.75 mmol, 97 mg) were added sequentially via syringe. The Schlenk tube was capped tightly and the mixture was heated with vigorous stirring in a 120 o C oil bath (external temperature). After the aryl bromide was fully consumed (monitored by GC), the reaction mixture was passed through a pad of silica gel with diethyl ether washings to remove DMPU, inorganic salts and catalyst first. Then the filtrate was concentrated on a rotary evaporator and the residue was directly subjected to silica gel flash chromatography. The ratio of the conjugated isomer versus all other isomers was determined by GC analysis of unpurified samples. 1 H NMR spectroscopy was unsuitable for determination of selectivity.
The experiments can also be set up using Schlenk line that gave similar results. In air, to a dry 10-mL Schlenk tube containing a magnetic stir bar was charged with Pd(hfacac) 2 (10 mg, 0.02 mmol) and tBu 3 P·HBF 4 (12 mg, 0.04 mmol). The atmosphere was switched from air to argon after three cycles of evacuation and refilling of argon. Dry DMPU (2.5 mL) was added via a syringe and the mixture was stirred at RT for 10 minutes. Against argon flow, aryl bromide (0.50 mmol), cyclic olefin (2 or 5 equiv, 1.0 or 2.5 mmol), and DIPEA (0.75 mmol, 97 mg) were added sequentially. The Schlenk tube was capped tightly and the mixture was heated with vigorous stirring in 120 o C oil bath until aryl halide was fully consumed (monitored by GC). Routine workup and flash chromatography was used to isolate the products.
1-(p-t-Butylphenyl)cyclohexene [60652-09-7].
The reaction was set up with 5.0 equiv of cyclohexene and the reaction mixture was stirred at 120 o C for 29 hours. The product was purified by flash chromatography (hexane) as colorless oil (103 mg, 94%). The ratio of the desired isomer versus all other isomers in the crude product was determined to be 33:1 by GC. When 2 equiv of cyclohexene was used, the reaction gave 58% yield and 20:1 selectivity. 8, 136.3, 133.5, 132.4, 128.0, 127.6, 127.5, 125.9, 125.5, 125.3, 123.8, 123.1, 27.4, 26.0, 23 137.7, 133.8, 131.5, 128.3, 127.3, 126.7, 125.9, 125.6, 125.5, 125.4, 124.9, 31.1, 25.6, 23.3, 22.4 . 131.9, 125.2, 124.7, 123.9, 117.8, 27.3, 25.6, 22.9, 22.3 . 9, 147.0, 134.9, 133.9, 130.3, 129.1, 128.6, 128.0, 127.8, 127.2, 126.6, 27.1, 26.0, 22.9, 22 .0. 7, 146.7, 137.9, 133.9, 132.1, 126.6, 123.0, 27.1, 25.8, 22.8, 21.9 . 7, 147.6, 140.5, 136.1, 135.7, 129.0, 128.3, 127.4, 126.6, 122.7, 121.2, 27.3, 26.0, 23.0, 22 4, 135.1, 134.9, 127.9, 124.4, 123.1, 120.1, 116.9, 110.6, 102.9, 28.1, 26.0, 23.3, 22. 141.5, 135.8, 134.4, 134.2, 130.0, 129.0, 128.4, 127.8, 126.8, 124.7, 30.9, 25.6, 23 .1, 22.1. was purified by flash chromatography (1:10 EA/hexane) as colorless oil (79 mg, 91%).
GCMS (EI)
:
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The ratio of the desired isomer versus all other isomers in the crude product was determined to be 91:1 by GC. 6, 141.8, 129.7, 126.7, 123.9, 113.7, 55.3, 33.4, 33.3, 23.4 .
GCMS ( The ratio of the desired isomer versus all other isomers in the crude product was determined to be 100:0 by GC. The ratio of the desired isomer versus all other isomers in the crude product was determined to be 100:0 by GC. 135.0, 129.2, 127.9, 124.4, 123.6, 120.5, 117.8, 110.9, 103.0, 33.7, 33.4, 23.5 . The ratio of the desired isomer versus all other isomers in the crude product was determined to be 100:0 by GC. The ratio of the desired isomer versus all other isomers in the crude product was determined to be 100:0 by GC. The ratio of the desired isomer versus all other isomers in the crude product was determined to be 100:0 by GC. 2-Acetyl-5-(1-cyclopentenyl)thiophene. The reaction was set up with 2.0 equiv of cyclopentene and the reaction mixture was stirred at 120 o C for 30 hours. The product was purified by flash chromatography (1:10 EA/hexane) as colorless oil (73 mg, 76%).
GCMS (EI)
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The ratio of the desired isomer versus all other isomers in the crude product was determined to be 100:0 by GC. 128.6, 127.4, 126.1, 113.9, 55.3, 47.9, 43.4, 43.0, 27.0, 24.8 . 147.2, 140.3, 132.8, 129.8, 128.0, 124.6, 52.0, 47.9, 43.4, 43.3, 26.6, 24.8 . 145.4, 143.2, 136.0, 128.7, 127.5, 126.6, 126.5, 126.7, 124.8, 123.7, 121 .0, 39.0. Heck reactions of aryl and heteroaryl chlorides using 0.5 mmol of organic chlorides.
GCMS (EI)
In an argon-filled glove box, a dry 10-mL Schlenk tube containing a magnetic stir bar was charged with Pd(hfacac) 2 (10 mg, 0.02 mmol), tBu 3 P·HBF 4 (12 mg, 0.04 mmol) and 2.5 mL of dry DMPU. After stirring at room temperature for 10 minutes, aryl chloride (0.50 mmol), cyclic olefin (5 equiv, 2.5 mmol), and DIPEA (0.75 mmol, 97 mg) were added sequentially via syringe. The Schlenk tube was capped tightly and the mixture was heated with vigorous stirring in a 120 o C oil bath (external temperature).
After the aryl chloride was fully consumed (monitored by GC), the reaction mixture was passed through a pad of silica gel with diethyl ether washings to remove DMPU, inorganic salts and catalyst first. Then the filtrate was concentrated on a rotary evaporator and the residue was directly subjected to silica gel flash chromatography.
The ratio of the conjugated isomer versus all other isomers was determined by GC analysis of unpurified samples.
Note: 1 H NMR spectroscopy was unsuitable for determination of the amount of minor isomers due to low signal intensity and overlap of signals. The structure of the desired isomer was confirmed by 1 H NMR spectroscopy of the purified sample. 1-Phenylcyclopentene [825-54-7]. The reaction was stirred at 120 o C for 27 hours.
S-30 Electronic Supplementary Material (ESI) for Chemical Communications This journal is © The Royal Society of Chemistry 2013
The product was purified by flash chromatography (hexane) as colorless oil (69 mg, 96% 197.6, 141.8, 141.4, 135.4, 129.6, 128.5, 125.6, 33.6, 33.1, 26.5, 23.3 .
GCMS ( 8, 147.8, 141.8, 136.0, 134.9, 129.1, 128.4, 128.3, 127.9, 123.6, 121.3, 33.6, 33.2, 23. 4, 135.4, 135.3, 129.1, 128.9, 123.1, 119.3, 116.8, 110.0, 100.7, 33.7, 33.4, 23.5, 13.7 9, 142.7, 136.0, 130.1, 127.7, 127.6, 124.5, 124 .0, 2-Acetyl-5-(1-cyclopentenyl)thiophene. The reaction was stirred at 120 o C for 27
hours. The product was purified by flash chromatography (1:10 EA/hexane) as white solid (85 mg, 88%). The ratio of the desired isomer versus all other isomers in the crude product was determined to be 100:0 by GC.
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Electronic 13 C NMR (100 MHz, CDCl 3 ): δ 147. 4, 128.4, 127.0, 126.9, 126.8, 126.0, 40.2, 33.5, 29.8, 25 .9.
Isomerization of 3-phenylcyclohexene in an active Heck reaction of ArBr and cyclohexene. In an argon-filled glove box, a dry 4-mL reaction tube containing a magnetic stir bar was charged with Pd(hfacac) 2 (4 mol%, 2 mg, 0.004 mmol), tBu 3 P·HBF 4 (8 mol%, 2 mg, 0.008 mmol) and 0.5 mL of dry DMPU. After prestirring at room temperature for 10 minutes, p-methoxycarbonylphenyl bromide (0.10 mmol, 22 mg), DIPEA (1.5 equiv, 19 mg), cyclohexene (5 equiv, 0.50 mmol, 41 mg, 52 µL), 3-phenylcyclohexene (>99% purity, 1 equiv, 0.10 mmol, 16 mg) and GC standard 1-dodecane (10 µL) were added sequentially via syringe. The tube was capped tightly and the mixture was vigorously stirred in a 120 o C oil bath. At intervals, the reaction tube was cooled to RT and taken into the glove box. An aliquot was removed and
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passed through a short plug of silica gel with Et 2 O washing. The filtrate was subjected to GC analysis to determine the yield and conjugated selectivity of the Heck products, as well as the extent of the isomerization of 3-phenylcyclohexene. 
